Adopting a real-space tight-binding supercell approach, we i n vestigate interface roughness e ects in semiconductor heterostructures. AlAs GaAs AlAs 001 QWs of average width W are considered, in which one of the interfaces is planar and the other has a shape de ned by periodic steps with amplitude A and wavelength . The oscillator strength f of the fundamental transition in the well describes the optical nature of the heterostructures. By investigating the wavefunctions as a function of the interface parameter A, w e conclude that the f behavior with A is an optical signature of the quantum well to quantum wire crossover in the heterostructures. Recently, photoluminescence experiments showed that hydrostatic pressure produces an increase in the optical e ciency of heterostructures in which the interfaces present a high degree of roughness. In order to investigate this optical behavior, we discuss hydrostatic pressure e ects on rough-interface heterostructures.
I Introduction
The recent progress in crystal fabrication techniques allows the growth of heterostructures with semiconductor materials of di erent atomic compositions. The interface roughness e ects in AlAs GaAs heterostructures have been intensively studied in the last years 1 -2 . In spite of optical experiments suggesting that completely at interfaces can be generated from particular growth conditions, the advent of highly sensitive microscopy techniques, as STM and TEM, indicates that some interfaces exhibit roughness over a few monolayers 3 . The optical and electronic properties of the heterostructures are very sensitive to uctuations in interface width. A very interesting problem in this context is the investigation of interface roughness e ects on the electronic properties of semiconductor heterostructures.
In this work we i n vestigate the quantum well to quantum wire crossover in AlAs GaAs heterostructures induced by i n terface roughness. The optical properties of such structures were obtained within a realspace tight-binding supercell approach 4 , with periodic boundary conditions p.b.c., using the sp 3 s parametrization proposed by V ogl et al 5 .
The optical behavior of the heterostructures is described by the oscillator strength f of the transition between the lowest electron je 1 i and hole jh 1 i states, in a quantum well of width W :
where m is the free electron mass and E = Ee 1 , Eh 1 is the energy di erence between je 1 i and jh 1 i, which also gives the well's energy gap. Results for at interfaces quantum wells QWs 6 show that narrow wells display indirect-gap behavior, i.e., f = 0, and an abrupt transition into direct bandgap f nite occurs for W = 10 ML monolayers; 1 ML = a 2 , where a is the conventional cubic cell parameter. For the value of W considered here 16 ML and in the absence of interfaces roughness, the rst optical transition in the well is dipole-allowed.
Recent photoluminescence experiments 7 show that hydrostatic pressure produces an increase in the optical e ciency of the 311A Al x Ga 1,x As GaAs x = 0.35 QWs. The mechanism responsible for this e ect is not fully understood 8 . Motivated by the fact that 311 interfaces present a high degree of roughness, we i n vestigate of the heterostructures under hydrostatic pressure, in order to determine possible physical e ects responsible for the observed behavior.
II Optical properties of AlAs GaAs AlAs QWs with interface roughness increase
In a previous work 9 w e i n vestigated e ects of roughness at heterointerfaces in the electronic properties of quantum wells. AlAs GaAs AlAs 0 0 1 QWs of average width W were considered in which one of the interfaces is at and the other has a shape given by an arbitrary oscillating function Z with amplitude A and wavelength . There, our studies were limited to periodically oscillating shape functions of comparable wavelengths, and lead to the conclusion that the optical properties do not pendent on the geometric details of Z, but only on the interface roughness. In the present work we further explore this problem focusing initially at the e ects of the Z -function oscillation wavelength. Given our previous results, a single functional dependence needs to be considered, which w e c hoose to be a periodic step function. Experimental studies 1 o f GaAs AlAs heterostructures grown along the z = 0 0 1 direction indicate steps and terraces formation at interfaces preferentially along the = 1 1 0 direction. Motivated by these results, we also consider the interface shape function with steps along this direction. Speci cally, w e consider GaAs QWs of average width 16 ML, grown between wide AlAs barriers such that one of interfaces has steps along direction. The interface geometry is illustrated in Fig. 1a . Fig. 1b refers to the limiting case A = W, i . e., increasing the amplitude from 0 up to W, the system undergoes a transition from a QW structure with at interfaces to a rectangular quantum wire of dimensions 2W and where A is the amplitude and N de nes the wavelength of interface oscillations. Taking N z = 60 ML guarantees convergence of our results to the in nite-width barriers situation, while N = 1 0 p 2 ML gives an adequatẽ k-points sampling to obtain the relevant states. The largest value considered for N is 14 p 2 ML, which corresponds to cells with 16,800 atoms. In reference 9 we found that the only relevant parameter controlling the QW optical behavior is the interface roughness
and L and L are the dimensions of the interface projection in the plane.
Results for the oscillator strength normalized to the at interface value, f f0 , as a function of the amplitude A for di erent w avelengths are shown in Fig. 2 . We note that, for the step function 2, the roughness de ned by 3 and 4, is = A. In general, increasing A causes a decrease in f which e v entually undergoes a transition to zero, as we can see in the Note that the sublattice dependence of the charge distribution is eliminated in 6-8. Our results for the j EF zj 2 corresponding to the je 1 i state in a W=16 ML QW vertical dashed lines are given by Fig. 3 . The interface widths for amplitudes A 6 = 0 are represented by the vertical dotted lines. We consider amplitudes in regions corresponding to both of the identi ed regimes: When f decreases with A f & regime and when f increases f regime. We note that A C 8 ML is the critical amplitude where f begins to increase. Fig. 3a corresponds to a QW with planar interfaces and consequently EF z is symmetric with respect to the well center. Figures 3b and 3c show results in the f & regime for one of the interfaces given by Z; with A = 4 a n d 8 M L v ertical dotted lines. We note that the asymmetry of the heterostructures pushes the electronic density a way from the rough interfaces. As we see, the wavefunctions are more localized in A z W , i. e., outside the interface region. Equations 10 and 11 give the energy dependence with pressure through the Hamiltonian matrix elements. A tting of the experimental results for the energy gap variation in the , point with applied pressure in GaAs, E , dP , at P = 0, yields the exponent = 3.454 11 . This value of also leads to a dependence on hydrostatic pressure of GaAs X and L points energy and of the AlAs ,, X and L points energy is in agreement with experiments.
In the experiments 7 , the QW barriers were taken as Al x Ga 1,x with x = 0.35 and the applied pressure ranged from 0 to 10 kbar. The QW integrated luminescence intensity increased by about a factor of three in this pressure range, while the increase in the emission from the GaAs bu er layer was about 50.
In our model, the bulk GaAs optical emission intensity calculated from 9 presents an almost linear increase, resulting in a 20 enhancement a s P goes from 0 to 10 kbar, which is in qualitative agreement with experiment. We consider 0 0 1 -grown QWs with W = 16 ML and alloy barriers with x = 0.30, which are comparable to the experimentally studies QWs geometry, but grown along a di erent direction. The calculated emission intensity for at or rough-interfaces QWs shows essentially the same behavior as obtained for bulk GaAs, namely a 20 increase in the studied pressure range.
IV Conclusions
By analyzing our results shown in Figures 2 and 3 , we conclude that the oscillator strength behavior with increasing A for large is due to a quantum well to quantum wire crossover in the heterostructures. The rst optical transition in the wire is dipole -allowed. Starting from a QW with at interfaces where f is maximum, the increase of A produces a decrease of f in the quantum well regime. The crossover into the quantum wire regime is identi ed by a cusp in f, followed by a n increase in f with A.
For QWs under pressure, although we obtain an increase in the emission intensity with increasing pressure, our results give a m uch w eaker e ect than observed experimentally 7 . A possible explanation for this discrepancy is that we consider band-to-band transitions, and electron-hole interactions are not taken into account. The measured luminescence increase could be an excitonic e ect, which of course is not considered here.
